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rr HTOSE; To treat a semiconductor substrale without bein^j exposed to the out- 
side air by housing thp semiconductor substjat^in the same reaction clianiber. 
intrtiducing different reaCttorrgasesTii succession and pn)jccting beams imparting 
corresponding energy. 

('ONSTrrUTION: A reaction chamber 2 is evacuated [\ and an Si substrate 1 is 
heated ^1 at ai) pi-oximateiv 250V . . and Si 6, NO2 7 and N2 8 at predeteriin'ned 
flow rates are fed to keej) the inside of the reaction cliamber at approximately 
lOTorr. when llie substrate 1 is irradiated and scanned by ArF laser beams 9. an 
Si02 film 12 is formed on the whole surface. When the introduction of the gases 
is stopped, the reaction chaml)er is evacuated and CFC/2 is introduced and only 
a prescribed region 15 is irradiated by CO? laser beams 14, the Si02 film 12 is 
removed. According to the constitution, two processing processes can i)e exe- 
cuted in the same reaction chamber by utilizing an o ptical CVD meth^) d and 
other photochemical reactions, the substrate is not contaminated by the outside 
air, and the substraten eed not_bc heated nt a high tein peralure by utilizing the 
photochemical reactions and is not damaged. 
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Title of the invention 

Method for producing semiconductor devices 
Specifications 

1. Title of the invention 

Method for producing semiconductor devices 

2. What is claimed is: 

1) A method for producing semiconductor devices, 
comprising the steps of: 

performing at least two continuous semiconductor 
processing steps with respect ,to a semiconductor substrate by 
accommodating the semiconductor substrate in the same reaction 
chamber, introducing different reaction gases one after 
another in said reaction chamber, and irradiating lights which 
bring about reaction energies to the respective gases. 



(Technical field of the invention) 

The present invention relates to a method for producing 



Detailed description of the invention 
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semiconductor devices by executing a series of semiconductor 
processing steps such as thin film growth, impurity diffusion, 
etching, etc. 
(Prior arts and problems) 

A semiconductor substrate is processed by various steps 
such as adhering of impurities onto the surface of the 
semiconductor substrate, diffusion thereof in the substrate, 
formation of oxide layer, nitride layer or metallic layer, 
selection etching utilizing a photoprocess, etc., in order to 
produce a semiconductor device. However, if the semiconductor 
substrate is exposed to a high temperature in these processes, 
such a problem occurs, which generates a defect in crystal due 
to thermal deformation or thermal stress of the substrate. 
Further, for example, in line with an increase in integration 
of a semiconductor integrated circuit, micronizing of bonding 
and wiring designs and high accuracy of controlling impurity 
concentration are highly requested. A method for etching, gas 
phase growth, compound generation by plasma, or a method for 
etching, gas phase growth, and compound generation by ion beams 
derived from the plasma, or an ion implantation method are 
recently employed as dry processes. 

However, there is a possibility for crystal to be 
subjected to defects in these methods- Further, in the 
intermediate portion of the series of processing steps, the 
semiconductor substrates are unavoidably exposed to the outer 
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atmosphere in order to pick up the semiconductor substrates 
from one processing step and to introduce the same into another 
step. There is a fear that the semiconductor substrates are 
contaminated • if two apparatuses are connected to each other, 
and substrates are moved so that they are not exposed to the 
outer atmosphere, the area occupied by the apparatus will be 
increased, and facility costs will be made expensive* 
(Objects of the invention) 

The present invention removes the above shortcomings 
and problems, and it is therefore an object of the invention 
to provide a method for producing semiconductor devices in 
which semiconductors are not exposed to the outer atmosphere 
between continuous semiconductor processes, 
(Summary of the invention) 

According to the invention, the above object can be 
achieved by performing at least two continuous semiconductor 
processing steps with respect to a semiconductor substrate, 
wherein a semiconductor substrate is accommodated in the same 
reaction chamber, reaction gases different from each other are 
introduced one after another into said reaction chamber, and 
lights to give the corresponding reaction energies are 
irradiated thereon. 

(Preferred embodiments of the invention) 

Hereinafter, with reference to FIG. 1 which shows an 
apparatus for embodying the invention, and FIG. 2 which shows 
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a silicon su|Dstrate in enlargement, a description is given of 
the embodiment: which comprises a process to form an oxide 
silicon layer ;using a photochemical reaction on a silicon 
substrate, and; next a process to form a master pattern to 

introduce impurities by removing a part of the oxide silicon 

■ f 

layer • S ! 

A Silicon substrate 1 is placed on the bottom of a 
reaction chamber 2 . After the reaction chamber is vacuumed by 
a vacuum pump 3, the substrate 1 is heated to approx. 250''C 
by a heater 4, wherein by controlling the flow volume of gases 
by a mass flow meter 5, an SiHj gas is introduced from a gas 
cylinder 6 at a rate of 5 milliliters per minute, an gas 
is introduced from a gas cylinder 7 at a rate of 800 milliliters 
per minute, and an gas is introduced, as a carrier gas, from 
a cylinder 8 at a rate of 65 milliliters per minute, and pressure 
is kept at approx. 10 Torr. Then, a 193 OA oscillating light 
of an ArF excimer laser is irradiated immediately above the 
substrate 1 through a mirror 10 and a lens 11, and scanning 
is performed, whereby a reaction of SiH,+2NjO (hv) Si02+H2+2N2 
occurs, and an oxide layer is produced on the entire surface 
as shown in FIG. 2(a) . Next, an introduction of gases from the 
cylinders 6, 7 and 8 is stopped, and after the reaction chamber 
is purged, a CFCI2 gas is introduced from a cylinder 13, wherein 
the mirror 10 is turned, an oscillating light of a CO^ laser 
having a wavelength of 10.6Min is irradiated on only the range 
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shown by a dashed line in FIG. 2(a) in the substrate 1 • Thereby, 
a reaction of CFCI2+ SIO^ -••(hv) SiF^Clj+CO^ occurs . By scattering 
of SiF^CIj, the SiOj film 12 at the irradiated portion is removed 
as shown in FIG. 2(b). Thereby, although the prior art requires 
various processes such as thermal hardening for SiOj layer 
formation, coating of a resist, exposure through a photomask, 
developing, etching, removal of the resist, they can be 
replaced by one continuous process which can be carried out 
in the same reaction chamber. 
(Effects of the invention) 

In the invention, at least two continuous processes with 
respect to semiconductor substrates can be carried out in the 
same reaction chamber by an optical CVD method or other methods 
utilizing a photochemical reaction, and it is possible to 
prevent the semiconductor substrates from being contaminated 
in contact with the outer atmosphere between continuous 
processes. By expanding the invention, all the processes of 
producing semiconductor devices can be performed by optical 
irradiation in the same reaction chamber. Still further, it 
is not necessary to heat semiconductor substrates to a high 
temperature by utilizing a photochemical reaction, and there 
is no fear that the substrates are damaged. Therefore, a method 
according to the invention can be remarkably effectively 
utilized in improving the characteristics of semiconductor 
devices. 
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4. Brief description of the drawings 

FIG. 1 is a cross-sectional view of an apparatus for 
one preferred embodiment of the invention, and FIG. 2 is a 
cross-sectional view showing processes for forming a silicon 
oxide layer pattern one after another in one preferred 
embodiment of the invention. 

1. •.Silicon substrate, 2... Reaction chamber, 6...SiH2 
cylinder, T.-^NjO cylinder, 8...^^ cylinder, 9..,ArF excimer 
laser light, 12...Si02 layer, IS.-.CFClj cylinder, I4...CO2 
laser light 
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